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Recent astrophysics observation reveals the existence of some super luminous type Ia supernovae.
One natural explanation of such a peculiar phenomenon is to require the progenitor of such a su-
pernova to be a highly super-Chandrasekhar mass white dwarf. Along this line, in this paper, we
propose a possible mechanism to explain this phenomenon based on a charged white dwarf. In
particular, by choosing suitable new variables and a representative charge distribution, an analytic
solution is obtained. The stability issue is also discussed, remarkably, it turns out that the charged
white dwarf configuration can be dynamically stable. Moreover, we investigate the general relativis-
tic effects and it is shown that the general relativistic effects can be negligible when the mass of the
charged white dwarf is below about 3M⊙.
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2I. INTRODUCTION
It is generally believed that type Ia supernovae can be regarded as standard candles in the measurement of cos-
mological distance. However, some peculiar type Ia supernovae, e.g., SN2003fg, SN2006gz, SN2007if and SN2009dc
[1, 2] have been observed recently. Contrast with the standard Ia supernovae, these objects have exceptionally higher
luminosity but with lower kinetic energies. In order to understand these phenomenon, some authors assume that the
progenitor of such supernova to be a highly super-Chandrasekhar mass white dwarf. If the masses of progenitors of
above supernovae lie in the range 2.1M⊙ ∼ 2.8M⊙ [1–6], here M⊙ being the mass of sun, this hypothesis can explain
experiment data naturally. Hence along this line, the authors of references [7–9] propose a mechanism to generate
super-Chandrasekhar mass white dwarf by assuming the existence of a super strong uniform magnetic fields inside the
white dwarf. However, it becomes a debate issue, although this picture can uplift the mass of white dwarf significantly,
it questioned by several authors with its stability issues [10], including neutronization induced by inverse beta decay
[11], dynamical instability as demonstrated by literature [12]. Reply of those criticism can be found in[13, 14]. Now a
natural question is that does it exist any other possibility to form a highly super-Chandrasekhar white dwarf? Can we
find a stable configuration significant violating the Chandrasekhar mass limit? If it exists, then what is the ultimate
mass limit of a white dwarf? Here we plan to address all the above issues by exploiting the electric field effects inside
the compact star.
In fact, there is a long history of studying the charge effects in compacted objects, especially in neutron stars and
quark stars [15–20]. One important conclusion is that a net charge distribution can support a higher maximum mass
of compact star significantly. While in white dwarf, there are also several authors concern the charge effects, for
instance in reference [21], a two components charge fluid model of white dwarf has been proposed. However, in [21]
they still assume that the net charge of white dwarf is very tiny as people generally believed. Along this line, here we
propose a new mechanism: assuming existence of strongly charged white dwarf to support the super-Chandrasekhar
white dwarf. Although this assumption has not yet confirmed by observation, it still can serve as a useful toy model,
especially in the theoretical discussion. In this new picture, we believe that most of the white dwarf is nearly neutral
and the Chandrasekhar mass limit still remains valid for most of the white dwarf, just as the astro observations
indicated. However, there may exist some white dwarfs, if enough net charge distributes in the star, as the force
between the charged particles is repulsive and thus equivalently can stiffen the equation of state of the white dwarf
matters, then the maximum mass of the charged white dwarf should be significantly enlarged. Therefore, this in turn
can provide a natural mechanism to explain the peculiar type Ia supernova explosion as mentioned in the beginning.
Contrast with the magnetic field effect, one of the most striking feature of charged white dwarf is its dynamical
stability. The major difference between electric field and magnetic field is that there exists an exactly spherical
symmetry electrostatic field, while a spherical symmetric magnetostatic field is not even existed. Thus unlike the
magnetized white dwarf, the structure of charged white dwarf will not be deformed by the non-spherical symmetric
field.
This paper is organized as follows: After a short introduction, we present the basic structure formulation of the
charged white dwarf and the corresponding numerical results in Sec. II, where two subsections are included. The exact
solution of the charged white dwarf is obtained in subsection A, and the numerical results are shown in subsection
B. The stability issue of the charged white dwarf is examined in Sec. III, and the general relativistic effects on the
charged white dwarf are shown in Sec. IV. Conclusions and outlooks are given in the last section.
II. HYDROSTATIC EQUILIBRIUM EQUATION OF CHARGED WHITE DWARF
For a static and spherical symmetric charged white dwarf, the outward force induced by the degenerate electron
gas and the repulsive electrostatic force caused by the net charge are balanced by the inward gravitational force. In
the Newtonian framework, the hydrostatic equilibrium equation can be written as
dp
dr
= −
Gmρ
r2
+
qdq
16π2ε0r4dr
, (2.1)
where p and ρ are the pressure and the mass density, respectively; the net charges q inside the radius r can be
calculated by
q(r) =
∫ r
0
4πρqr
2dr, (2.2)
in which ρq is the charge density; and the stellar mass m inside the radius r is related with the matter density through
dm
dr
= 4πr2ρ. (2.3)
3In addition, we use the capital letters M , Q denote the total mass and total charge of a charged white dwarf. In order
to simplify the discussion, we assume the charge density of white dwarf proportional to its matter density, ie
ρq = α×
e
m
p
× ρ, (2.4)
where α is a dimensionless constant, e and m
p
are the charge and mass of a proton, respectively. Note that this
kind of charge distribution is also adopted by many other authors[17, 20]. Moreover, since our electric field can be
regarded as a particular case of anisotropic matter[22, 23], therefore the following subsection A can be viewed as
a direct application of the general formalism of polytropic Newtonian star with anisotropic pressure developed by
Herrera and Barreto [22].
A. exact solution for polytropic equation of state
Combining Eqs. (2.1)-(2.3), through a careful and complicated calculation, we obtain an exact solution by choosing
the equation of state with a form of polytropic type p = κργ = κρ1+
1
n , where n is an integer. By using the charge
distribution of Eq. (2.4), the equilibrium equation (2.1) can be reduced to
dp
dr
= −
Gmρ
r2
[
1−
α2e2
Gm2p4πε0
]
= −
Gmρ
r2
[
1− α2β
]
, (2.5)
where β = e
2
Gm2p4piε0
= 1.24× 1036 is also a dimensionless constant. Combining this result with Eq.(2.3), we get
1
r2
d
dr
(
r2dp
ρdr
)
= −4πGρ
[
1− α2β
]
. (2.6)
Now we introduce two new variables defined by
ρ = ρcθ
n, ξ =
r
a
, (2.7)
where ρc is the central density of the white dwarf and a is a constant defined by
a =
[
(n+ 1)κρ
1
n
−1
c
4πG (1− α2β)
] 1
2
. (2.8)
By using these new defined variables and the polytropic form of equation of state, Eq.(2.1) is reduced to the standard
form of Lane-Emden equation[24]
d
dξ
(
ξ2
dθ
dξ
)
+ θnξ2 = 0. (2.9)
By employing the standard boundary conditions
θ(ξ = 0) = 1,
dθ
dξ
∣∣∣
ξ=0
= 0, (2.10)
Eq.(2.9) can be solved analytically. The radius of white dwarf relates to a finite value of ξ = ξ1 with R = aξ1,
where ξ1 is the first zero point of θ function. Meanwhile, the mass of white dwarf can be obtained by combining Eqs.
(2.3),(2.7),(2.9)
M =
∫ R
0
4πr2ρ(r)dr
= 4πa3ρc
∫ ξ1
0
ξ2θndξ
= 4πa3ρcξ
2
1 |θ
′(ξ1)|. (2.11)
4It is worth noting that when the index γ = 4
3
(or equivalently n = 3), the mass of charged white dwarf becomes
independent with ρc, and thus corresponds with the maximal mass of charged white dwarf. By comparing these
results with the uncharged white dwarf, it is easy to see that the difference is only reflected by the definition of a, i.e.
we have
R =
RCh
(1− α2β)
1
2
, M =
MCh
(1− α2β)
3
2
(2.12)
where RCh and MCh are the Chandrasekhar radius and Chandrasekhar mass limit for uncharged white dwarf, respec-
tively. Finally, it is worth noting that when α = 0 the Chandrasekhar mass limit of uncharged white dwarf will be
recovered perfectly.
B. numerical solution for general equation of state
It is generally believed that the equation of state of white dwarfs can be simply described by the equation of state
of the free electron gas
k
F
= ~(
3π2ρ
mpµ
)1/3, (2.13)
p =
8πc
3(2π~)3
∫ kF
0
k2
(k2 +m2ec
2)1/2
k2dk (2.14)
where k represents the momentum of electrons, kF is the maximum momentum determined by mass density, µ is the
ratio of nucleon numbers to electron numbers. It is easy to see that even in this simple case, the equation of state
still can not be attributed to polytropic type, and thus become difficult to be solved analytically. In view of these
facts, the equations (2.1)-(2.3) should be treated by numerical calculation.
Combining the above equation of state with the Newtonian equilibrium equations (2.1)-(2.3) and the boundary
conditions: m = 0 at r = 0 and p = 0 at r = R, we can obtain the mass-radius relation for charged white dwarf
numerically. the numerical results for the charged and uncharged white dwarf are presented in Fig. 1. From this
figure it is shown that at a fixed radius, a higher charge density corresponds with a higher stellar mass. When the α
takes a range from 4.0× 10−19 to 5.0× 10−19, the corresponding maximum mass of charged white dwarf varies from
2.0M⊙ to 2.5M⊙ continuously. Hence this picture can naturally explain the recent observational data.
In order to show the structures and properties of the charged white dwarf intuitively, and also compare them to that
of the uncharged white dwarf, the numerical results are presented in the Figs. (2)-(5). In Fig. 2, the Q (total charge)-
M (stellar mass) relations and the Q-R (stellar radius) relations are plotted. And in order to see the charge influence
on a single white dwarf more clearly, we plot the pressure and mass distribution in Fig. 3 for ρc = 1.9 × 10
13kg/m3
and α = 5.0× 10−19, where the distributions of corresponding uncharged white dwarf are also plotted. Moreover, in
Fig. 4 we show the charge density and the total charge as functions of radius r at the same ρc and α as used in Fig. 3.
In the end, the M -α, M -Q and M -R relations at ρc = 1.9× 10
13kg/m3 are shown in Fig. 5. It is interesting to note
that when α is smaller than 1× 10−20, the charge effects on the mass-radius relation of white dwarf can be negligible.
However, when we further increase α to reach the order of 10−19, the maximal mass of corresponding charged white
dwarf will become sensitive to the value of α, and will grow up very rapidly as α increases.
III. THE STABILITY OF THE CHARGED WHITE DWARF
Since we have already known that a super strong magnetic field in white dwarf will cause the whole system dynamical
instability[10–12], hence when one introduce a strong electric field in white dwarf, it is crucial to investigate the same
stability issues. Based on the results in Sec. II, it is shown that the mass of charged white dwarf reaches its maximal
value with a central density blow than the neutralizing density[11], thus our model can avoid the instability caused
by neutralization.
On the other hand, in a seminal paper[25], Chandrasekhar and Fermi generalize the Viral theorem including the
magnetic field and it in turn sets a constraint on the value of magnetic field. Based on this famous result, another
kind of instability of white dwarf with a super strong magnetic field is introduced by Ruffni et.al.[12]. Does this kind
of instability also existed in white dwarf with super strong electric field? To answer this question, we use the similar
strategy of reference [25], that is, to generalize the Virial theorem including the electric field:
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FIG. 1. The mass-radius relations of the charged white dwarf, where the different lines represent the different value of α and
the central density ranges from 5× 108kg/m3 to 1.37× 1014kg/m3. The inset shows the equation of state of free electron gas.
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FIG. 2. The Q-M relations (a) and the Q-R relations (b) for different values of α.
3Π +W
E
+W
G
= 0. (3.1)
For a polytropic equation of state P = Kργ , we can get Π = (γ − 1)U , where U is the internal energy. In order to
proof this theorem, we start from the usual assumptions of electrohydrodynamics [26, 27]. The equations of motion
governing an inviscid fluid can be written in the form [26]
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FIG. 3. The pressure distribution (a) and mass distribution (b) for the charged (solid lines) and uncharged (dashed lines) white
dwarf at a fixed central density ρc = 1.9× 10
13kg/m3.
ρ
dui
dt
= −
∂
∂xi
(p+
εrε0|E|
2
2
) + ρ
∂Ω
∂xi
+ εrε0
∂
∂xj
(EiEj) (3.2)
where ρ and p denote the density and pressure of the charged fuild respectively, εr is relative permittivity, Ω is the
gravitational potential, and E is the intensity of the electric field. Multiply Eq. (3.2) by xi and integrate over the
volume of the configuration, then the left-hand side of the equation reads
∫ ∫ ∫
ρxi
dui
dt
dx1dx2dx3 =
∫ M
0
xi
d2xi
dt2
dm
=
∫ M
0
[
d
dt
(xi
dxi
dt
)− (
dxi
dt
)2
]
dm
=
∫ M
0
d
dt
(
1
2
dx2i
dt
)dm−
∫ M
0
(
dxi
dt
)2dm
=
1
2
d2
dt2
∫ M
0
r2dm−
∫ M
0
|u|2dm
(3.3)
where dm = ρdx1dx2dx3 and M is the total mass of the configuration. Letting
I =
∫ M
0
r2dm and T =
1
2
∫
|u|2dm (3.4)
represent the moment of inertia and the kinetic energy of mass motion, respectively, we can rewrite the Eq. (3.2) as
1
2
d2I
dt2
−2T = −
∫ ∫ ∫
xi
∂
∂xi
(p+εrε0
|E|2
2
)dx1dx2dx3+εrε0
∫ ∫ ∫
xi
∂
∂xj
(EiEj) dx1dx2dx3+
∫ M
0
xi
∂Ω
∂xi
dm. (3.5)
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FIG. 4. The charge density (a) and the total charge (b) as functions of radius r, where ρc = 1.9×10
13kg/m3, and α = 5.0×10−19 .
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FIG. 5. The M-α, M-Q and M-R relations, where ρc = 1.9× 10
13kg/m3.
8The last term of the right-hand side of this equation represents the gravitational potential energy of the configuration:
WG =
∫ M
0
xi
∂Ω
∂xi
dm = −
∫ M
0
Gm(r)
r
dm(r)
= −
3(γ − 1)
5γ − 6
GM2
R
, (3.6)
where the fact that the charged white dwarf configuration being spherical symmetric is employed. The remaining two
terms of equation (3.5) can also be reduced through integration by parts
−
∫ ∫ ∫
xi
∂
∂xi
(p+ εrε0
|E|2
2
)dx1dx2dx3 = −
∫ ∫ ∫ [
∂
∂xi
(
xi(p+ εrε0
|E|2
2
)
)
−
(
∂xi
∂xi
)
(p+ εrε0
|E|2
2
)
]
dx1dx2dx3
= −
∫
(p+ εrε0
|E|2
2
)r · ds+ 3
∫ ∫ ∫
(p+ εrε0
|E|2
2
)dx1dx2dx3.
(3.7)
The surface integral over ds vanishes as the pressure (including the electric pressure εrε0
|E|2
2
) must vanish on the
boundary of the configuration; and it is easy to see that the volume integral over p and εrε0
|E|2
2
give the internal
energy (U) and the electric energy (WE) of the configuration. Thus we have
−
∫ ∫ ∫
xi
∂
∂xi
(p+ εrε0
|E|2
2
)dx1dx2dx3 = 3(γ − 1)U + 3WE , (3.8)
where the relation p = (γ − 1)ǫ [24] is used, and as ǫ = ρ − mNn is the density of internal energy, here mN =
1.66× 10−27kg being the rest mass per nucleon. Thus the volume integral of ǫ gives the total heat energy U . In the
same manner, the second volume integral in equation (3.5) gives
εrε0
∫ ∫ ∫
xi
∂
∂xj
(EiEj) dx1dx2dx3 = −2WE . (3.9)
Now, combining equations (3.5)(3.8)(3.9), we have
1
2
d2I
dt2
= 2T + 3(γ − 1)U +WE +WG (3.10)
This is just the generalized version of the Virial theorem including electric field, it differs from the usual one only in
the appearance of WE +WG in place of WG.
By applying this generalized Virial theorem to a charged non-rotating equilibrium star, then above equation reduce
to
3(γ − 1)U +WE +WG = 0 (3.11)
This is nothing but Eq.(3.1) we want to prove. With the help of the expression of charge density described by Eq.
(2.4), the electric energy WE appeared in the above equation can also be integrated exactly:
W
E
=
∫ R
0
1
2
ε0(
q(r)
4πε0r2
)24πr2dr =
∫ R
0
q2(r)
8πε0r2
dr
=
α2e2
m2p
∫ R
0
m2(r)
8πε0r2
dr
=
α2β
2
∫ R
0
Gm2(r)
r2
dr
=
α2β
2
γ
(5γ − 6)
GM2
R
(3.12)
Here, for simplicity and without loss any generality, we assume relative permittivity εr = 1. If εr > 1, the electric
field energy will be suppressed by a factor εr and thus such a εr will make the whole system more stable. Now we
define the total energy of the configuration by
Wtotal = U +WE +WG, (3.13)
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FIG. 6. The general relativistic effect in charged white dwarfs, where the solid line and the dash-dot line in (b) represent the
stellar masses under the framework of Newtonian gravity and the general relativity, respectively, while the green line in (b)
represents the mass difference ∆m between the two gravity theories, where α=5.0× 10
−19.
as the gravitational potential energy of the configurationWG is negative, in order to form a bounded star configuration,
the value of other positive energy such as electric energy and heat energy, should not be larger than the value of the
negative gravitational potential energy. Hence similar to the results of reference [25], a necessary condition for the
dynamical stability of a charged white dwarf equilibrium configuration should be Wtotal < 0. By eliminating U
between Eqs. (3.1) and (3.13), one can obtain
Wtotal = −
3γ − 4
3(γ − 1)
(|W
G
| −W
E
). (3.14)
According to above equation, one can find that if the electric energy is larger than the gravitational potential energy,
even for γ > 4
3
( the condition of dynamical stability in the absence of electric field[24]), the whole system can also be
dynamical instability. However, we can see that this is not the case, as this will require
1 <
WE
|W
G
|
=
α2β
2
γ
3(γ − 1)
, (3.15)
combining this condition with γ > 4
3
led to α2β > 3
2
, however, this is inconsistence with Eq.(2.12) which states
α2β < 1. Hence, in conclusion, for γ > 4
3
, the charged white dwarf is dynamically stable. In addition, it is easy to
see that when α = 0 (i.e. uncharged white dwarf), our conclusion is nicely coincide with the well known result in
reference [24].
IV. GENERAL RELATIVITY EFFECTS OF THE CHARGED WHITE DWARF
In the last section, the mass of charged white dwarf can reach up to 3M⊙, which is much larger than the Chan-
drasekhar mass limit. Thus it is natural to ask the validity of using Newtonian hydrostatic equilibrium equations.
Does the general relativity effect become relevant and spoil all the results we obtained in the above section? In this
section, we will try to answer these questions.
10
TABLE I. α, R, MNT /M⊙, MTOV /M⊙, ∆m, χ of the charged white dwarfs with ρc = 1.9× 10
13kg/m3.
α R(km) MNT /M⊙ MTOV /M⊙ ∆m χ
8.6× 10−19 3754.8 58.4744 52.7244 0.09833 0.02959
8.5× 10−19 3355.3 41.7256 38.3719 0.08038 0.02426
8.3× 10−19 2839.9 25.3008 23.7974 0.05942 0.01816
8.0× 10−19 2389.3 15.0675 14.4134 0.04341 0.01353
7.5× 10−19 1975.3 8.5145 8.2523 0.03079 0.00985
7.0× 10−19 1735.1 5.7705 5.6293 0.02447 0.00798
6.5× 10−19 1575.6 4.3211 4.2317 0.02069 0.00683
6.0× 10−19 1461.4 3.4480 3.3853 0.01818 0.00607
5.7× 10−19 1407.2 3.0786 3.0261 0.01705 0.00572
5.5× 10−19 1375.6 2.8760 2.8288 0.01641 0.00552
5.0× 10−19 1309.2 2.4794 2.4419 0.01512 0.00511
4.5× 10−19 1256.8 2.1932 2.1621 0.01418 0.00480
4.0× 10−19 1214.8 1.9808 1.9542 0.01343 0.00456
3.5× 10−19 1181.1 1.8202 1.7970 0.01275 0.00436
3.0× 10−19 1154.0 1.6980 1.6771 0.01231 0.00421
2.0× 10−19 1115.8 1.5348 1.5168 0.01173 0.00400
1.0× 10−19 1094.6 1.4490 1.4325 0.01139 0.00389
1.0× 10−20 1087.9 1.4224 1.4064 0.01125 0.00385
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FIG. 7. The values of the left hand and right hand of Eq.(4.7) as a function of r.
In general relativistic case, the spacetime outside of a charged white dwarf can be described by the Reissner-
Nordstrom solution [24]
ds2 = −
(
1−
2GM
c2r
+
GQ2(r)
4πε0c4r2
)
dt2 +
(
1−
2GM
c2r
+
GQ2(r)
4πε0c4r2
)−1
dr2 + r2
(
dθ2 + sin2 θdϕ2
)
; (4.1)
Usually, one use the quantity χ = r+R to indicate the significance of general relativity effects, here R denotes radius of
11
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FIG. 8. The right hand side terms of Eq. (4.3) with central density ρc = 1.9 × 10
13kg/m3 and α = 5.0 × 10−19. The solid
and dashed lines represent the first and second terms of right hand side of Eq. (4.3) respectively, the dotted line represents the
overall effect of right hand side of Eq. (4.3), while the dot-dashed line represents dp
dr
of uncharged white dwarf (α = 0) with
the same central density.
charged white dwarf, and r+ =
GM
c2 +
√
G2M2
c4 −
GQ2
4piε0c4
being the out horizon of Reissner-Nordstrom solution. When
α = 5.0× 10−19, from the Fig. 7, we yield χmax = 0.00936, which is very small, and hence in turn implies the general
relativity effects in this case can be negligible. However, in order to justify this roughly estimates and concrete our
result, we perform a detailed analysis on general relativity effects of charged white dwarf and to see how much it
deviates from Newtonian dynamics. The interior line element of the static and spherical symmetric charged white
dwarf reads
ds2 = −eνdt2 + eλdr2 + r2
(
dθ2 + sin2 θdϕ2
)
, (4.2)
where ν and λ are only the function of radius r. And the classical hydrostatic equilibrium equations (2.1)-(2.3) should
be replaced by [15]
dp
dr
= −
p+ ρc2
r(r − 2Gmc2 +
Gq2
4piε0c4r
)
[
4πG
c4
pr3 +
Gm
c2
−
Gq2
4πε0c4r
]
+
qdq
16π2ε0r4dr
, (4.3)
dm
dr
= 4πr2ρ+
qdq
4πε0c2rdr
, (4.4)
and
q =
∫ r
0
4πρqe
λ/2r2dr, (4.5)
where
e−λ = 1−
2Gm(r)
c2r
+
Gq2(r)
4πε0c4r2
. (4.6)
By solving those equations numerically, we can compare our results with the Newtonian case. More specifically, we
define a quantity ∆m =
MNT−MTOV
MNT
, where MNT and MTOV represent the mass of white dwarf in the framework of
Newtonian gravity and general relativity, respectively.
12
The numerical results are presented in Fig. 6 and Tab. I. It is shown that the general relativity effect is indeed
negligible when the mass of charged white dwarf smaller than 3M⊙. If we further increase the value of α, the mass of
corresponding charged white dwarf will became more higher, and the general relativistic effects will became relevant.
It is worthwhile to note that [15, 28] if the condition∫ r
0
q2
s2
ds >
q2
r
(4.7)
is satisfied, the so called “active gravitational mass” [28] will be increased, and hence contribute to the gravitational
binding of the sphere. Then people natural wondering whether this interesting effect will decrease the effective mass
of charged white dwarf? To illustrate this problem more clearly, we take a particular charged white dwarf with
central matter density ρc = 1.9× 10
13kg/m3 and α = 5.0× 10−19 as an example. From Fig. 7 we can see that when
r > 9.70 × 105m the left hand side of Eq.(4.7) is larger than the right hand side, and thus implies the first term of
right hand side of Eq.(4.3) becomes more negative. However, since the second term of the right hand side of Eq. (4.3)
(i.e. qdq
16pi2ε0r4dr
) is always positive. Therefore the gradient of pressure of charged white dwarf is less negative than the
uncharged white dwarf when r < 2.42× 105m as shown in Fig. 8. And this in turn ensure the mass of charged white
dwarf with α = 5.0× 10−19 is uplifted to 2.44M⊙.
V. CONCLUSIONS
In this paper, in order to explain some peculiar Type Ia supernova explosion, we propose a new mechanism based
on the existence of charged white dwarf. Our calculations show that the mass of charged white dwarf can be uplifted
significantly, and hence can naturally explain the observed peculiar Type Ia supernova explosion. Particularly, by
employing a representative choice of charge distribution, we obtain an analytic solution for the stellar structure, as
shown in Eq. (2.12). Then we continue to investigate the stability issue, the detailed calculations indicate that
the charged white dwarf configuration is stable when the polytropic index γ > 4
3
. Since our treatment is based
on Newtonian framework, to ensure the reliability of our results and also to explore the valid region of Newtonian
framework, we further investigate the general relativistic effects. Our investigation shows that the general relativistic
effects can be negligible when the mass of charged white dwarf is smaller than 3M⊙, and thus under this stellar mass
the Newtonian framework is reliable.
It is worth noting that there are still many aspects of this theory deserving further investigation. For example,
charge distribution other than Eq.(2.4) is of course allow in principle, can we find another charge distribution to
reduce the total charge significantly? Furthermore, since we require the existence of very strong electric field in the
charged white dwarf, is there any intrinsic observable effects induced by those strong electric field? We hope to back
those issues in the near future.
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